This paper presents our renovation of an existing software engineering class at West Virginia University Institute of Technology by embedding ABET "professional skills." Software engineering class is required for computer science, computer engineering, and information systems majors at sophomore level. Our major renovation to this class is engaging students in a semester-long group project, which includes formal presentations, research, team work and multiple active learning exercises. The semester-long group project consists of four phases: communication and planning, modeling, construction, and deployment. Through the four phases, students gradually gain communication, ethics, and teamwork professional skills. Comparison among data collected from the four phases show significant improvements of the students' professional skills, particularly presentation skills and teamwork skills.
Introduction
The Accreditation Board for Engineering and Technology (ABET) is the leader in assuring quality and stimulating innovation in applied science, computing, engineering, and engineering technology education. One aspect of the enhanced ABET criteria (published in 2000) is "an understanding of professional responsibility." In ABET student learning outcomes for computing, Outcomes d to h (i.e., communication, teamwork, impacts of computing, ethics and professional development) are identified as "professional skills."
In most undergraduate computing and engineering programs, students do not have opportunities to be exposed to the "professional skills" until the capstone class. As capstone is typically the last class students take before their graduation, it might be too late for them to develop their "professional skills." We therefore propose introducing students to ABET "professional skills" in an early class and then keep reinforcing them till capstone. As a benefit, instructors would have more time to instruct the "professional skills" to students and assess students' performance over the time. TABLE 1. ABET student outcomes ABET student outcomes (a) An ability to apply knowledge of computing and mathematics appropriate to the program's student outcomes and to the discipline (b) An ability to analyze a problem, and identify and define the computing requirements appropriate to its solution (c) An ability to design, implement, and evaluate a computer-based system, process, component, or program to meet desired needs (d) An ability to function effectively on teams to accomplish a common goal (e) An understanding of professional, ethical, legal, security and social issues and responsibilities (f) An ability to communicate effectively with a range of audiences (g) An ability to analyze the local and global impact of computing on individuals, organizations, and society (h) Recognition of the need for and an ability to engage in continuing professional development (i) An ability to use current techniques, skills, and tools necessary for computing practice. (j) An ability to apply mathematical foundations, algorithmic principles, and computer science theory in the modeling and design of computer-based systems in a way that demonstrates comprehension of the tradeoffs involved in design choices (k) An ability to apply design and development principles in the construction of software systems of varying complexity Performance indicators are a means to focus on specific expectations of a program. They facilitate the curriculum delivery strategies, and assessment procedures. The primary difference between student outcomes and performance indicators is that student outcomes are intended to provide general information about the focus of student learning and are broadly stated of the outcome, not measurable, while performance indicators are concrete measurable performances students must meet as indicators of achievement. Performance indicators indicate what concrete actions the student should be able to perform as a result of participation in the program 1 .
Relevant work and motivation
Several studies can be found in literature survey on incorporation of "professional" skills in an existing engineering curriculum [2] [3] [4] [5] [6] [7] [8] . Shuman 2 have conducted comprehensive survey on how the professional skills can be taught, or more correctly learned, and the difficult issue of assessing these skills and recognize that there is considerable research that remains to be done. Challenges in incorporating ethics in engineering programs have been identified by Pfatteicher 7 and Stephan 8 . Morrow 3 concentrated on how to address ABET outcome 'i' in an first-year engineering program Other studies also included assessing information literacy along with ABET outcomes in Engineering 3, 4 In computer science and information system department of West Virginia University Institute of Technology, as part of a department wide effort, we have applied for ABET accreditation in late 2014. The assessment and evaluation processes of ABET require periodical documentation and demonstration of the extent to which the student outcomes are being attained. In order to achieve and retain ABET accreditation, we also need to demonstrate the level of achievement of each student outcome and describe how the results of these processes are being utilized to effect continuous improvement of the program. For the remainng of this paper we will use the general term "ABET data collection" to refer to this overall procedure. In 2011, at the beginning of the ABET application process, we performed curriculum mapping, where we were trying to identify core courses for performing the documented and effective process for the periodic review and revision of the student outcomes. During this process, along with our senior project capstone class (CS 461), our sophomore level software engineering class (CS 222) has been selected as a natural candidate to attain a large numbers of the ABET outcomes. A large number of universities utilize the capstone series for the data collection process for ABET accreditation. As capstone class is the last class students take before their graduation, we believe that it might be little late if a student does not demonstrate expected competencies in certain skill(s). Hence we recommend utilization of an earlier class in the program to introduce students to ABET professional skills (along with periodic review of the corresponding student outcomes) and later continue the process to the capstone series. To identify courses which will be more suitable candidate for this purpose, we performed a literature survey to see what other schools are doing. Some universities reported the difficulty with introducing in-depth professional skills primarily at the freshman level. As we can expect, at that point the students are not knowledgeable enough about their prospective fields to be able to demonstrate successful practice of the profession. On the other hand some schools reported a dedicated course (not capstone class) for implementing ABET professional skills. While this approach seems very appealing, the pressure exerted by state legislatures and university administrators to reduce the number of hours in engineering programs, makes adding any course to the existing program an impossible solution. Hence we have chosen to make changes to an existing course, a practical solution for our programs. After careful considerations, we selected CS 222 Introduction to Software Engineering to embed ABET's professional outcomes. We strongly believe that this sophomore level class is a natural candidate for introducing professional skills and periodic review of the corresponding student outcomes. As we modified this course, we have developed methods of instruction delivery to offer the knowledge and skills necessary for the mastery of these outcomes. According to ABET, performance indicators indicate what concrete actions the student should be able to perform as a result of participation in the program. As a part of our continuous improvement effort we have also developed assessment tools and relevent performance indicators to assess and evaluate students expected competencies.
In early spring 2012 when the university library has announced a course enhancement grant to incorporate Information Literacy (IL) in an existing course; this software engineering class seems like a perfect candidate. Because we are already committed our time and resources to ABET preparation, we desired to integrate efforts for including information literacy standards with those of ABET in this class. After successfully securing the grant, we approached our librarians with ideas and suggestions of IL based instructional issues particularly relevant to our software engineering course. This collaboration between software engineering faculty and librarians has so far been a great experience in exploring the effective intersection of ABET outcomes and IL competencies, in the context of incorporation into an existing course. We presented this project on the 2013 Annual conference of Frontiers in Education in a paper titled "Best of Two Worlds in a Software Engineering Class, Student Outcomes of Accreditation Board of Engineering and Technology (ABET) and Information Literacy Standards of Association of College and Research Libraries (ACRL)". As we contunue with our ABET acrreditation application process (during spring and summer of 2014), along with our capstone course, this software engineering class had become an important member in our curriculum to incorporate ABET's professional skills and to attain the corresponding student outcomes.
The course description
This sophomore level class is required for computer science, computer engineering and information systems majors in the West Virginia University Institute of Technology. The class enrollment is between 15-18 students. The class is the pre-requisite for CS 322 System Analysis and Design Methodology course which is prerequisite for CS 461 Senior Project capstone class (capstone series). In order to introduce software engineering processes and skills with respect to industry standards the class is designed to create a real business world simulation. In the class the students are grouped in three membered teams and then one student team is assigned as the client of another. Hence each group will play the role of developer for one project and the role of client in another.
As professional skills can be incorporated into in an existing course at many levels, and ways, we conducted through literature survey to identify these different ways. As each institution develops their own set of mechanisms, we did not simply adopt another's mechanism but developed our own implementations of instruction delivery and assessment tools based on our own programs need. In the initial draft we identify the instruction delivery methods and student assignments to incorporate different ABET outcomes: semester long group project, series of oral presentations, enterprise architecture and project management case research, writing technical report, conducting research and discussion on ethics and contemporary issues etc. In the following the description of different components of our course is provided.
Semester long group project Literature shows that design projects are the most effective vehicles for students' learning of strategic and rigorous information retrieval and management. This software engineering class has a group project in which the students will build their own software project over the semester by applying the software engineering process, methods and tools. This group project is two-fold: Project building and Project demonstration. The whole semester will be divided into four phases; (1) Phase I: Communication and Planning, (2) Phase II: Modeling, (3) Phase III: Construction and (4) Phase IV: Deployment. As the semester will go through each of these phases, the students will gain theoretical knowledge from the lecture contents and related practical (hands on) experience from their own projects. At the end of each phase, the groups will make power point presentation on their experience as they went through the phase. They will also demonstrate the work products related to corresponding phase as follows: (1) Phase I: list of stake holders, question sets, list of objects, list of constraints etc., (2) Phase II: use case, use case diagrams, analysis diagram, CRC card, behavioral diagrams, interface diagrams, component diagrams, architectural diagrams, deployment diagrams, (3) Phase III: first iteration of the software, test cases and test results, (4) Phase IV: final iteration of the software. Figure 1 demonstrates some sample design and testing work products submitted by students.
Enterprise architecture and project management case research (individual assignment)
The class also has an individual project in which each student perform research on a current software engineering research topic or software engineering process standards to prepare a formal report. Through this assignment, the students will be graded on the quality of their research and the variety and appropriateness of the selected resources. This will also provide the students to introduce to specific journal search in on-line library catalogs and formatting requirements (like IEEE template).
Ethics project
As there is no debate about importance of ethics and contemporary issues in engineering curriculum, ABET requires, much attention to be focused on how engineering students perceive, articulate, and resolve ethical dilemmas in their professional life. For this field, education researchers 2,7 emphasize on evaluating students on knowledge and skills, not values and beliefs. In this class we are conducting active learning exercises to teach not only engineering design, but engineering ethics to expose the students to realistic situations involving unstructured problems with multiple possible answers and trade-offs. Along with presenting the professional code of ethics, we present several ethics case studies in general computing and engineering. We include open class discussion and exam questions on these case studies. We followed ABET's guideline to design the "Faculty rubric" used for student outcome e. Each student group is also required to select a more recent incident in computer science involving ethical dilemmas, conduct research and then finally present the incident to the class with their own perspectives.
Embedding ABET's student outcomes for professional skills
In ABET outcomes for computing, outcomes "d -h" are identified as "professional" skills. In this section of our paper we will concentrate on these professional skills (we put e and g together), and identify our ways to implement these in our own software engineering course.
Communications
The proceedings of both the "Frontiers in Education" conferences and the annual conferences of the "American Society of Engineering Education" are replete with examples of ways to integrate communication into the core of engineering education 2 . In this class we walk through the phases of software development cycle, with a concentration on oral, visual and writing communication skills. At the end of each phase, the student groups are presenting their experience during the corresponding phase through formal power point presentations. They also submit work products prepared during each phase (specification document, design models, test cases etc.). The class also includes an individual project in which each student perform research on a current software engineering topics to prepare a formal report. We believe that placing communication components to express their recently gained experience will be a good way of approaching ABET's criteria for communications in a course with significant technical content.
Teamwork
This team based project driven class gives us the opportunity to provide our students the experience of dynamics of team design work from idea development to completion. During the semester the faculty will work closely with the students as their team member. We are hoping that our teamwork development strategies will teach our students the skills necessary to work effectively in teams like: demonstrating positive interaction, good listening skills, understanding of team roles, sharing responsibilities, resolving conflict etc. At the end of each of the four phases in the semester, each student is evaluated by his/her own team members.
Ethics and contemporary issues
The true test of engineering ethics education is how graduates behave in the workplace during their careers, certainly a difficult outcome to measure a priori 8 . Stephan 8 , in questioning whether or not engineering ethics can be taught, quotes philosopher Michael Davis in giving four good things that can result if successful: (1) students can become more aware of the ethical implications of their work, (2) they can learn ethical standards, (3) they can become better judges of ethical conduct, and (4) they can become more willing to put their ethical knowledge into action. ABET criteria call for ensuring understanding rather than demonstrating that graduates are ethical 7 . In our course the students work with case studies to focus on how CS/engineering professionals perceive, articulate, and resolve ethical dilemmas in their professional life.
Life long learning "It has been said that the "half-life" of engineering knowledge--the time in which half of what an engineer knows becomes obsolete--is in the range of two to eight years." 3 . Although ABET no longer use the term "Lifelong learning" we can see that in outcome "h" as professional development. According to Shuman 2 , "One will become a proficient lifelong learner as one becomes proficient in the broad spectrum of professional skills". We also believe that as students acquire all these skills in ABET outcomes, they will, in fact, acquire the ability to do lifelong learning.
Results
In this paper we describe our journey of four years in modifying a sophomore level software engineering course. During this four years we have completely revised the course by including new instruction delivery components and student activities. Since this course is playing a significant role in department's ABET's assessment and evaluation process, we also embedded ABET's student outcomes in all over the course and have developed performance indicators for the attainment of these outcomes. As our goal is not only integrating ABET's outcomes in an existing class but also to design a strong assessment plan to evaluate the course, we designed assessment tools in parallel. In Table 2 , along with grouping ABET outcomes in professional skills together, we are describing performance indicators utilized for those outcomes. We are also identifying our instruction implementation components and assessment tools for the related skills.
In this class we have assessed all eleven student outcomes (a-k) for computer science except outcome (a), outcome (i) and outcome (j). However in this paper as we are concentrating more on the professional skills, our result section will emphasize on only two categories (presentation skills and team work skills). Our goal is not only to embed ABET outcomes in our software engineering class or just to evaluate these outcomes. Our goal is to work with our students so they can attain these professional skills. Hence, along with teaching course contents, the instructor worked more closely with the students to improve their presentation skills and team work skills. Over the semester we collected data to analyze student's change over the time. Figure 2 shows the percentage improvement in student's presentation skill from Phase I to Phase II in 2014. In this figure we analyzed their presentation skills in five different categories, "slide organization", "technical understanding", "specific phase content", "oral presentation skill" and "time management".
In Table 3 we are presenting our faculty rubrics for ethics. We followed ABET's guideline to design the "Faculty Rubric" used for student outcome e for ethics. After the presentation of each phase, the students are asked to grade their team members on demonstrating positive action, good listening skills, understanding team roles and sharing responsibility. In Table 4 we show the peer evaluation form used for the indirect assessment for student outcome (d) for teamwork. In figure 3 , we demonstrate the grades from peer evaluation in teamwork skills during spring semester of 2014. We also asked the students who participated in the software engineering class and currently participating in the capstone series of the department about their transition from their sophomore level course to capstone series. All of the students provided positive feedbacks. Below are some of the comments from these students.
 I feel as if the software engineering course helped me gain useful experience with communicating with a team and distributing the work required for a large project. The presentations given for my capstone (senior design) course are very similar to those given in software engineering. I feel as if I was well prepared entering my senior year.
 Software Engineering was helpful in teaching me about the different stages of the development process and the many different diagrams that can be used to make each stage more understandable to any audience.
 I think taking the Software Engineering class helped me a great deal in Senior Design. Software Engineering was the first class I remember actually being comfortable doing presentations. When the class first started I was very nervous giving presentations, after the class I can give presentations without feeling nervous and pressured. It also reinforced teamwork. Before Software Engineering, I hated working in teams. After the class I feel comfortable working in a group on a project and dividing the work out equally. All these things have helped me a great deal in Senior Design.
 The software engineering class helped me with my senior design by teaching me the importance of communication when working with a team on a project. I learned how important it was to communicate with my teammates to make sure that we were all on the same page and working at the same pace.
 The skills I learned in CS 222 have allowed me to effectively communicate with my team members in capstone series to work towards reaching our goal and finishing our senior design project.
 During software engineering the setup of the presentations I think helped a lot during each step as it was very similar to what we are doing now in Senior Design/Project. Most students coming from high school are very shy and the requirement of presenting helps a lot of students I believe.
Conclusions
In fall 2011, the author was assigned to teach the "Introduction to software engineering" class for the first time. Being aware of the practical aspect of the class, the author wanted to teach the course in an unconventional way and decided to redesign the existing class. During the same time as the department selected the class (in addition to the capstone series) to be utilized for the assessment of several ABET student outcomes, it was a great opportunity to assess students professional skills through ABET's professional outcomes in the course content. As the instructor, author's primary goal was to develop a hands-on class to introduce the students to software engineering processes, particularly with respect to industry standards and to work with them to develop professional software development skills. In order to achieve that the author created a real business world simulation by grouping students in three membered teams and then by assigning one student team as the client of another. Hence each group will play the role of developer for one project and the role of client in another. The students of each developer group will build their own software project over the semester and apply the software engineering process and methods in their project. As the semester will go through, the students will gain theoretical knowledge from the lecture contents and related practical (hands on) experience from their own projects. In order to provide an organized assessment and evaluation process to continuously improve the course a large number (eight) of student outcome have been embedded in this class. In this paper the author described her experience over this journey of four years.
